Instruments and methods
All moisture-sensitive reactions were performed under an atmosphere of argon and using glassware pre-dried in an oven (100 °C). Thin-layer chromatography was performed on Merck 0.2 mm aluminium-backed silica gel 60 F254 plates and visualised by UV (254 nm) or by staining with potassium permanganate with subsequent heating. Flash column chromatography was performed using Merck 0.040-0.063 mm, 230-400 mesh silica gel. Evaporation refers to the removal of solvent under reduced pressure. Melting points were determined using a Büchi B-540 apparatus. Infrared (IR) spectra were recorded on a Perkin-Elmer Spectrum One FT-IR spectrometer; absorptions are quoted in wavenumbers. 1 H and 3 C NMR spectra were recorded on a Bruker DRX-400 (400 MHz) spectrometer and calibrated using residual undeuterated solvent as an internal reference; chemical shifts are in parts per million () and coupling constants (J) are given in Hertz (Hz) . The following abbreviations were used in signal assignments: singlet (s), broad singlet (br s), doublet (d), triplet (t), quartet (q), and multiplet (m). Equivocal assignments are denoted by an asterisk. High-resolution mass spectra (HRMS)
were obtained using either an Agilent ESI-TOF (time of flight) mass spectrometer at 3500 V emitter voltage, or using a VG7070H mass spectrometer with Finigan Incos II data system at University College London. Figure S1 . Representative bicyclo compounds with pharmaceutical activity.
S3
Synthesized compounds nonane-2,9-dione (3) and 1-methylbicyclo[3.3.1] non-6-ene-2,9-dione (4). To a stirring solution of 6-exo-hydroxy-1-methylbicyclo[3.3.1]nonane-2,9-dione (2) (0.073 g, 0.40 mmol) in dry dichloromethane (6 mL) at -78 °C DAST (0.322 g, 2.0 mmol) was added dropwise. The mixture was stirred at -78 °C for 1 h then quenched with water (5 mL) and the aqueous layer extracted with dichloromethane (3 x 20 mL). The combined organic layers were washed with water (10 mL), dried over Na2SO4, filtered and evaporated. in dry dichloromethane (4 mL) at -78 °C DAST (0.080 g, 0.50 mmol) was added dropwise.
The mixture was stirred at -78 °C for 1 h then quenched with water (5 mL) and the aqueous layer extracted with dichloromethane (3 x 20 mL). The combined organic layers were washed with water (10 mL), dried over Na2SO4, filtered and evaporated. Column chromatography 3, nonane-2,9-dione (10).
To a stirring solution of 6-hydroxy -1,3,3-trimethylbicyclo[3.3.1] nonane-2,9-dione (9) (0.030 g, 0.14 mmol) in dry dichloromethane (4 mL) at -78 °C DAST (0.115 g, 0.71 mmol) was S5 added dropwise. The mixture was stirred at -78 °C for 1 h then quenched with water (5 mL) and the aqueous layer extracted with dichloromethane (3 x 15 mL). The combined organic layers were washed with water (10 mL), dried over Na2SO4, filtered and evaporated. Column To a stirring solution of 1,3,3-trimethylbicyclo[3.3.1] nonane-2,6,9-trione (11) (0.050 g, 0.24 mmol) in dry dichloromethane (6 mL) at 0 °C was added Et3N (0.109 g, 1.08 mmol).
The mixture was stirred for 5 min, then TMSOTf (0.192 g, 0.86 mmol) was added and the mixture was stirred at 0 °C for a further 10 min. The ice-bath was then removed, and the mixture was allowed to warm to 20 °C, then heated at 45 °C for 3 h. After allowing to cool to 20 °C sat. aqueous NaHCO3 (5 mL) was added, and the aqueous layer extracted with dichloromethane (3 x 15 mL). The combined organic layers were washed with water (10 mL), dried over Na2SO4, filtered and evaporated to give 12 (0.064 g, 95%) as colourless oil; (12) (0.037 g, 0.13 mmol) in dry acetonitrile (2 mL) was added selectfluor in one portion (0.093 g, 0.26 mmol) at 25 °C. After stirring the mixture for 16 h water (2 mL) was added and the aqueous layer was extracted with dichloromethane (3 x 10 mL). The combined organic layers were washed with water (10 mL), dried over Na2SO4, filtered and evaporated to give 13 3, 3, nonane-2,6,9-trione (16). To a stirring solution of 1,3,3-trimethylbicyclo[3.3.1] non-6-ene-2,6,9-trione (14) (0.050 g, 0.22 mmol) in dry dichloromethane (3 mL) at 0 °C was added Et3N (0.101 g, 1.0 mmol). The mixture was stirred for 5 min, then TMSOTf (0.177 g, 0.80 mmol) was added and the mixture was stirred at 0 °C for a further 10 min. The ice-bath was then removed, and the mixture was allowed to warm to 20 °C, then heated at 45 °C for 16 h. After allowing to cool to 20 °C sat.
aqueous NaHCO3 (5 mL) was added, and the aqueous layer extracted with dichloromethane (3 x 15 mL). The combined organic layers were washed with water (10 mL), dried over S7 Na2SO4, filtered and evaporated. Column chromatography (petroleum ether then 97:3 petroleum ether:ethyl acetate) of the residue gave 1,3,3,7-tetramethyl-6-((trimethylsilyl)oxy)bicyclo[3.3.1]non-6-ene-2,9-dione 15 (0.030 g, 46%) as a colourless oil of which (0.025 g, 0.08 mmol) was immediately placed in a flame-dried round-bottom flask and dry acetonitrile (3 mL) and selectfluor (0.060 g, 0.16 mmol) added at 25 °C. The resulting solution was stirred at 25 °C for 3 d after which water (2 mL) was added and the aqueous layer extracted with dichloromethane (3 x 10 mL). The combined organic layers were washed with water (10 mL), dried over Na2SO4, filtered and evaporated to give 16 aqueous NaHCO3 (5 mL) was added, and the aqueous layer extracted with dichloromethane (3 x 12 mL). The combined organic layers were washed with water (10 mL), dried over Na2SO4, filtered and evaporated. Hz, 7-Hax), 2.39 (1H, ddd, 2 JHH = 17.1, Jax-ax = 5.1, Jax-eq = 1.6 Hz, 4-Hax), 2.10 (1H, ddd, 2 JHH = 13.7, Jax-ax = 8.0 Hz, J =1. After stirring the mixture for 16 h water (3 mL) was added and the aqueous layer extracted with dichloromethane (3 x 10 mL). The combined organic layers were dried over Na2SO4, filtered and evaporated to give 20 (0.0035 g, 90%) as a colourless oil; IR (film) νmax 2919, 1719, 1456, 1270, 1109, 1020 cm -1 ; 1 H NMR (400 MHz, CDCl3) δ 5.11 (1H, dtd, JHF = 47.7
Hz, Jax-eq = 7.5 Hz 4 J = 1.6 Hz, 3-H), 3.64 (1H, dd, J = 6.8, 3.3 Hz, 5-H), 2.64-2.50 (2H, m, 7-CH2), 2.46-2.36 (2H, m, 4-CH2), 2.25 (1H, ddd, 2 JHH = 14.0 Hz, Jax-eq = 7.3, Jeq-eq = 5.0
Hz, 8-Heq), 1.74 (1H, ddd, 2 JHH = 13.9, Jax-ax = 9.7, Jax-eq = 7. 
